; eingegangen am 8. August 1967) A detailed study of the system Cu (II)-Salicylic acid-Orthophenylenediamine has been carried out by Potentiometrie and conductometric methods. These studies show the formation of a mixed complex C 6 H 4 < >Cu4( >C 6 H 4 -2H 2 0, x COO / \H 2 N / which has been further confirmed by the preparative studies.
The orthophenylenediamine derivatives of various metals have been studied by a number of workers. The existence of copper-orthophenylenediamine complex has been reported during the kinetic studies of autooxidation of amine in presence of Cu(II) as catalyst by WUETHRICH and FALLAB The studies in the pH range 5. 5 -7.0 Salicylic acid (A. R. BDH) and orthophenylenediamine (E. Merck L. R.) were used. The amine was recrystallised twice from alcohol.
Stock solutions: 0.01 M solution of salicylic acid was prepared by dissolving appropriate amount of salicylic acid in doubly distilled water.
0.01 M solution of orthophenylenediamine hydrochloride was prepared by dissolving the calculated amount of amine in calculated volume of 0.1 N hydrochloric acid. The solution was kept well stoppered.
KOH pallets of (A. R. BDH) grade were dissolved; the solution was standardised and kept protected from atmosphere.
The solution of the desired concentrations were prepared by subsequent dilution of the stock solution with doubly distilled water.
Instruments: pH studies were carried out with a Cambridge bench pH meter at room temperature (32 °C). The instrument was first standardised against 0.05 M solution of potassium hydrogen phthalate for pH 4.
Tesla Conductivity Bridge (model Tesla RLC Bridge) and Phillips dip type conductivity cell were employed for conductivity measurements.
Potentiometrie studies: The following solutions were titrated against 4xl0~2M KOH. The results have been shown in curves (1), (2), (3), (4), (5) and (6) in fig. 1 . The ionic strength was maintained constant with the help of (^ = 0.1) KNO a throughout these investigations.
Discussion
Curve (1) Fig. 1 : A sudden inflection on adding one mole of alkali is due to the replacement of hydrogen of the carboxy group of salicylic acid and exhibits the formation of C6H5(OH) (COOK).
Curve (2) Fig. 1 : It shows two inflections, the one at one mole and the other at 2 moles of KOH. These inflections represent the reaction of orthophenylenediamine hydrochloride with KOH liberating the free base.
C 6 H 4 (NH 2 ) 2 • 2 HCl + 2 KOH C 6 H 4 (NH 2 ) 2 + 2 H 2 0 + 2 KCl.
This curve is similar to that obtained in the case of titration of a weak dibasic acid with a strong base. The inflection at one mole of KOH is not as sharp as that at two moles. This is probably due to the hydrolytic effect on the hydrochloride of orthophenylenediamine. Curve (3) Fig. 1 : The Potentiometrie titration of copper nitrate with KOH is similar to that obtained by BRITTON 5 with an inflection at about 1.5 moles of alkali.
Curve (4) Fig. 1 : represents the Potentiometrie titration of Cu(N0 3 ) 2 in presence of an equimolar concentration of salicylic acid with KOH and shows an inflection at about 2 moles, thus indicates the formation of (1:1) complex of Cu(II) with salicylic acid.
\OH, V
The donation of a lone pair of electrons from the hydroxy oxygen atom renders the hydroxy hydrogen atom more labile and acidic; therefore, the lowering in the pH takes place indicating the liberation of hydrogen ion and chelate formation. It is clear from the comparision of curves (3) and (4) that the latter curve begins at much lower pH 3.22. After ad-ding more than 2.5 moles of alkali, the disproportionate of (1:1) copper salicylic acid complex into (1:2) complex takes place with the precipitation of bluish white Cu(OH) 2 , finally changing to black. Similarly curve (5) fig. 1 The comparision of curves (2) and (5), clearly shows a marked difference. In the latter curve the inflection at 2 moles of alkali, is quite sharp and there is no inflection at one mole of alkali, whereas the former curve shows an ill-defined inflection at one mole of alkali and a sharp rise in pH on adding 2 moles of alkali. The sharp inflection in the curve (5) exhibits the liberation of free amine from its hydrochloride just prior to complexation. Curve (6) Fig. 1 represents the formation of mixed complex of Cu(II) with salicylic acid and amine. As the curve (6) showing the Potentiometrie titration of Cu (II)-salicylic acid-orthophenylenediamine in equimolar ratio with KOH, runs below curves (4) and (5), representing the lowering tendency in pH, it can safely be correlated to the probable formation of a mixed complex of copper (II) with salicylic acid and orthophenylenediamine; the formation of which can be represented as follows:
Cu \h"n-
The inflection after adding more than 4 moles of alkali probably represents further reaction of the complex with alkali.
Conductometric Studies
Curves (1), (2), (3), Fig. 2 represent the conductometric titrations of 25 ml of 0.002 M orthophenylenediamine hydrochloride; 25 ml of 0.002 M Cu(II) salicylic acid (1:1) complex; and a mixture of 25 ml of 0.002 M of Cu(II) salicylic acid (1:1) complex with 25 ml of 0.002 M orthophenylenediamine hydrochloride respectively with 0.1 M KOH solution. In curve (1) Fig. 2 the breaks at 1 and 2 moles of KOH represent the formation of free orthophenylenediamine from its hydrochloride. The replacement of two moles of HCl from the salt by KOH takes place in two stages. Curve (2) Fig. 2 shows a break at two moles of KOH and probably represents the formation of (1:1) complex of Cu(II) with salicylic acid, which takes place by the replacement of two protons, one from carboxy and the other from the hydroxy group of salicylic acid.
In curve (3) Fig. 2 the well defined break at 4 moles of KOH is probably owing to the formation of a (1:1:1) mixed complex 6 of Cu(II) wtih salicycilc acid and orthophenylenediamine. The break at 2 moles of KOH is not, however, very sharp. Only one break at 4 moles of KOH, is due to the simultaneous chelation of one mole each of salicylic acid and orthophenylenediamine with one of Cu(II).
On comparing the three curves (1), (2) and (3) in Fig. 2 it can be inferred that the slope of curve (3) is very much different from those of curves (1) and (2). If there had been no complexation among the Cu(II) salicylic acid (1:1) complex and orthophenylenediamine, the curve (3) would have shown breaks at 1, 2 and 4 moles of KOH. Further, the curve (3) would not have shown a steep rise and instead would have been displaced towards curves (1) and (2) and had run almost parallel to them. In that case the slope of the curve (3) would have been more or less similar to that of curve (1) or (2). From this also, it can be safely inferred that probably the formation of a mixed ligand complex as stated above, has taken place 7 .
Composition of the Complex
J o b's Method of continued variations 8 was applied to establish the composition of the mixed complex of Cu(II) with salicylic acid and orthophenylenediamine, (Cu(II):Sal. acid : Amine, 1:1:1). For this purpose, 0.005 M of copper (II)-Salicylic acid (1:1) complex solution was obtained by mixing acid (1:1) complex and orthophenylenediamine hydrochloride were mixed in different ratios ranging from 1:9 to 9:1. The total volume after dilution was always kept constant at 25 ml. The specific conductances of the mixtures were measured at 32 °C. Similarily the conductances of solutions of Cu(II) : Sal. acid complex and orthophenylenediamine hydrochloride, having increasing concentration from 1 to 9 moles, were also measured separately. The deviations from the additivity rule (difference in conductances, A cond.) were calculated from the experimental values and plotted (Fig. 3) .
The maximum at 0.5, establishing (1:1) complex between Cu(II) :Sal. acid (complex) and orthophenylenediamine hydrochloride was obtained.
Preparative Studies
The results obtained by the above physico-chemical studies, have been confirmed further by isolating and analysing the mixed complex. A. Sc., F. N. I., University of Rajasthan, Jaipur, for providing all necessary facilities and encouragement during these investigations. Thanks are due to University^Grants Commission, New Delhi, for granting financial assistance to one of them (G. K. C.); and also to the authorities of Agra College, Agra, for providing laboratory facilities.
